Get back INVT program

CH. 26: CHI- SQUARE TESTS
There are 2 tests (no intervals):
1- Goodness of Fit
2- Homogeneity/Independence

All use the Chi-Square variable for the test statistic: xz

All have the same formula for the test statistic:

X2 =2(observed count -- expected count)?
expected count
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Unit 7:
* Still doing inference (tests and intervals)
* Will be doing inference to see if 2 variables
are related
* Ch. 26 = categorical variables
* Ch. 27 = quantitative variables

Chi-Square distribution:
* Uses df (there is more than one distribution)
* Skewed right

* Picture: page A-77 in book
or Table C on formula sheet

* Less right skewed as df increases:
* if df = o0, then ¥ = normal

Goodness of Fit

these examples are not in the notes... just read thru them
EXAMPLE 1:

| want to test to see if a die is fair. So I roll the die 60 times
and find the following distribution:

Outcome 1 2 3 4 5 6

Observed| 13 8 18 8 7 6

Does the die seem fair?
NO! there are a lot of 3's!

But is this ONE category being really different enough to say
the WHOLE die isn't fair??



EXAMPLE 2: | want to see if the distribution of colors of
skittles is the same as what is claimed by the company.
The company claims that the distribution is:

RED GREEN
30% 10% 20% 15%

PURPLE
25% (expected %)

| take a sample df 108 sﬁttles and get the fettowing results:

RED GREEN PURPLE
33 12 31 10 14 (pbserved #)

% 1y \ 20 15 75 fexpec. #%

Do the observed and expected seem to match up??

conditions met --> %2 distribution --> y? GOF test

Mechanics:
Test statistic:

1* 3 lobserved - expected)” = (8‘110)2 £ (12000 =

expected 0 10 -
write the formula show the first fill in the
P-value: 2 calculations total (the
ae test stat)

P(y? > test statistic) = y’cdf(test stat, E99, df)
df = # categories (or outcomes) - 1

EX: Dice rolls: 6 outcomes/categories, df = 5

EXAMPLE: Testing to see if a die is loaded
What is the expected distribution (in %) for any fair die?

Number 1 2 3 4 5 6
% Ve >

I roll the die 120 times. What is my expected distribution
(in #'s)?

(these are the expected counts)

Number 1 2 3 4 9 6
S
Frequency 20 'ﬁj

. i (these are the observed counts)
I roll the die 120 times. Below is the actual distribution:

Number 1 2 3 4 5 6
Frequency| 18 | 18 | 17 | 18 | 17 | 32

Ch-Square Goodness of Fit test
Used to test whether an observed distribution fits/matches
an expected distribution

Hypotheses: (written sentences, always in context!)
Ho: Observed distribution of fits the expected
distribution of

Ha: Observed distribution of
distrib. of

doesn't fit the expected

Conditions:

1) Categorical data
2) SRS

3) all expected counts are > 5

1) make a statement that the data is categorical

3) show all expected counts and then
state that they are all above 5.

Conclusion:

same 2 sentences:
* reject/fail to reject Ho....

* Sufficient/Insufficient evidence... (for the Ha)

Hypotheses:
Ho: Dice rolls are uniformly distributed
Ha: Dice rolls are not uniformly distributed

Ho:the. obs. distrb. of-dice n/ls fits theexpec. distrib.

Conditions:
1) Categorical data 1) ovteomes o die o caﬂaoﬁmﬂ

2) SRS 2) assumad reprsentative
3) all eygectdd (ounls=30 f 5

3) all expected
counts are > 5

conditions met --> y2 distribution --> y> GOF test



Test Statistic: 5

}{{iféﬁéjéﬁﬁtigﬁjgli£§3%9+m.:;8}?

Q0 20
= (18-20)% + (18-20)? + (17 - 20)* + (18-20)%+ (17-20)* + (32-20)* = 8.7
20 20 20 20 20 20
DF=5

P-Value:P(kz > 8-:9 = 0121

Cf 42cdf(8.7, E99, 5)

8.3

Example #2:

Does color impact the chance that a car is stolen? Suppose
it is known that of all cars 15% are white, 15% are blue,
30% are black, 35% are red, and 5% are other colors.

A random sample of 830 stolen cars is taken and their
colors are noted below. Test to see if the cars stolen match
the distribution of all cars.

Color White Blue Black Red Other
Observed 140 100 230 270 90
(these are the observed counts)

Conditions:

1) Categorical data 1) color of car is a categorical
variable

2) SRS 2) stated random

3) all expected
counts are > 5

3) Expected counts all > 5
(124.5, 124.5, 290.5, 249, 41.5)

conditions met —> y2 distribution --> y? GOF test

Conclusion:
We fail to reject Ho b/c p-value of 0.1216 > alpha = 0.05.

We have insufficient evidence that the dice rolls are not
uniformly distributed. We have insufficient evidence that
that die is unfair.

We need to find the expected counts. Take sample size (n) and
multiply by each of the given expected percents.

Color White Blue Black Red Other
EXPECTED 1245 1245 249 290.5 415

Hypotheses:
Ho: The distribution of the colors of stolen cars matches
the distribution of all cars.

Ha: The distribution of the colors of stolen cars doesn't
match the distribution of all cars.

Mechanics:
2 2 o
Zzzz(obs—exp) _(140-1245) +...+(90_41'5) —EEES
exp 124.5 41.5

df=4

P —Value = P(]z > 66.33) =1.35x107"

12cdf(66.33, E99, 4)



Conclusion:
We reject Ho b/c p-value of 1.35 x 10 < alpha = 0.05

We have sufficient evidence that the distribution of the
colors of stolen cars does not fit the distribution of all cars.

Try the example problems in the notes

#1--4

Ho: The distribution of majors matches the historic
distribution.

Ha: The distribution of majors is not the same as the
historic distribution.

Conditions:
1) Categorical Data: choice of major is categorical

2) SRS: Stated as a random sample

3) All Exp Cell counts > 5:

Major PE | ME | SE | AE |[SpE| HE |FLE| O
Expected |38.5/23.1|23.1| 7.7 |30.8|15.4| 7.7 | 7.7

All expected cell counts are greater than 5.

Calculator:

L1 = observed values
L2 = expected values
L3 = (obs - exp)*/exp = (L1 -L2)?/L2

sum L3: 2ND LIST --> MATH --> #5: sum --> ENTER
sum(L3) = % test statistic

P-value: y?cdf(test stat, E99 df)

1) A professor of education classes at Virginia Tech
wants to look at what types of education the VT students
are choosing. From previous studies, the types of
education have been known to have the following
distribution: 25% physical education, 15% math
education, 15% science education, 5% art education,
20% special education, 10% history education, 5%
foreign language education, and 5% other. He takes a
random sample of 154 education majors and finds the
following results: 40 phys ed, 20 math, 10 foreign
language, 30 special ed, 15 history, 20 science, 10 art,
and 9 other. Has the distribution of education majors
changed? Run a full test of significance.

Conditions met = Chi-Square goodness-of-fit test
Chi Square distribution

Mechanics: df=k-1=7
e ('Obs—Exp)z
=2 Exp
., (40-385)° (9-777

=2.515

y A
38.5 ]
P—Value = P( 7% >2.515) =0.926

Since the P-Value is greater than alpha (0.926 > 0.05)
we fail to reject the null hypothesis. Thereis not enough
statistically significant evidence that the distribution of
ed. majors is different than it has historically been.



2) A grocery store manager wishes to determine
whether a certain product will sell equally well in any of
five locations the store. Five displays are set up, and the
resulting numbers of the product sold are 43, 29, 52, 34,
and 48. Is there enough evidence that the location
makes a difference (are the locations equally as popular,
or not)? Test at both the 5% and 10% significance
levels.

All conditions have been met for a Chi-Square
goodness-of-fit test.

Mechanics: " Z(oz;s_f_:xp‘)2
df=n-1=4  a=005 Z=Z—fp—
, (43-412) (48-41.2)

e -8.903

5 PO
41.2 412
P-Value = P( ;2 >8.903) = 0.0636

Since the P-Value is greater than alpha (0.0636 >
0.05) we fail to reject the null hypothesis.

Thereis not enough statistically significant evidence
that the distribution of sales is different between
the 5 locations

#3:
Ho: the distribution of numbers generated is uniform
Ha: the distribution of numbers generated is not uniform

Conditions:

1) categorical
are categorical

2) SRS 2) assumed representative

3) expected counts > 5 3)allexp.=10>5

conditions met --> 2 distribution --> y2 GOF test

1) the outcomes of the generator

Ho: The distribution of sales is the same for all 5
locations.

H,: The distribution of sales is not the same for all
5 locations.

Conditions:

1. Counted Data: The data is counts of sales in
differentlocations.

2. Randomization: Assume Representative
3. Expected Cell Frequency:

Location 1 2 3 4 5
Expected |41.2(41.2(41.2|41.2|41.2
All expected cell counts are greater than 5.

3) A program for generating random numbers on a
computer is to be tested. The program is instructed to
generate 100 single-digit integers between 0 and 9. The
frequencies observed are 11, 8, 7, 7, 10, 10, 8, 11, 14, and
14. Is there sufficient reason to believe that the integers
are not being generated uniformly?

1> =2(ng -exp)®=(11-10)*+(8-10)*+...=6
exp 10 10

P(y%2>6|df =9)=0.7399

We fail to reject Ho b/c p-value of 0.7399 > alpha = 0.05.
We have insufficient evidence that the random numbers
are not generated uniformly. The generator seems to be
fair.



4) Portable personal computers, or “laptops,” represent a fast-
growing segment of the PC market. According to Market
Intelligence Research company, the use of laptops can be
classified in the following user segments (“Laptop’s Three Musts,”
1988): Business-professional (69%), Government (21%),
Education (7%), and Home (3%). 200 laptop owners were
surveyed this year, and the user segments were tabulated as
follows: Business-professional (102), Government (32), Education
(22), and Home (44). Do the data provide sufficient evidence to
indicate that the figures given in 1988 are not accurate today?

1* =Y lobs - exp)® = (102 - 138)* +(32 - 42)? + ... = 257.01
exp 138 42

P(y*>257.01|df=3)=1.993 x 10>
We reject Ho b/c p-value of 1.993 x 10°° < alpha = 0.05.

We have sufficient evidence that laptop use does not fit
the given percentages

#4:

Ho: the distribution of use of laptops fits the given percents
Ha: the distribution of use of laptops doesn't fit the given
percents

Conditions:
1) categorical 1) the outcomes are categorical
2) SRS 2) assumed

3) expected counts > 5 3) all expected counts > 5

(138, 42, 14, 6)

conditions met —-> 2 distribution --> > GOF test



